Summary. The pattern of LH secretion and response to exogenous GnRH was determined on 5 occasions during seasonal anoestrus of the P\l=e`\reDavid's deer hind. LH pulse frequency was low (3\m=.\3\ m=+-\0\m=.\6pulses/18 h) in early anoestrus (February), increased significantly in mid-anoestrus (April; 8\m=.\4\m=+-\1\m=.\4 pulses/18 h) and thereafter declined slightly in late anoestrus (June; 6\m=.\3\ m=+-\0\m=.\25 pulses/18 h). Mean LH concentrations also showed significant changes during anoestrus with higher levels in mi d\x=req-\ anoestrus (April; 0\m=.\85\ m=+-\0\m=.\12 ng/ml) when compared with other times (0\m=.\53\ m=+-\0\m=.\05, 0\m=.\60\ m=+-\ 0\m=.\10,0\m=.\68\ m=+-\ 0\m=.\06 and 0\m=.\71\ m=+-\ 0\m=.\05ng/ml for February, March, May and June, respectively). LH pulse amplitude showed no significant changes during the study. The LH response to intravenous injections of 2 \ g=m\ g GnRH was lowest in early anoestrus (February), increased significantly in mid-anoestrus (April) and remained high through late anoestrus. The response during the luteal phase was similar to that seen during late anoestrus. These results indicate that seasonal anoestrus in the P\l=e`\reDavid's deer hind is not a uniform state but is characterized by an early period of 'deep' anoestrus.
Introduction
Luteinizing hormone (LH) is secreted by the pituitary in discrete pulses (Katongole et ai, 1971) which are a direct consequence of episodic release of gonadotrophin-releasing hormone (GnRH) from the hypothalamus (Clarke & Cummins, 1982) . During seasonal anoestrus in the ewe, LH pulse frequency is reduced (Scaramuzzi & Baird, 1977; Yuthasastrakosol et ai, 1977) , presumably due to a reduction in GnRH pulse frequency. A change in pituitary responsiveness to GnRH during anoestrus has not been reported in sheep. In the absence of adequate gonadotrophic stimu¬ lation, ovarian follicles do not undergo the final stages of development which are required for ovulation to occur (McNatty et ai, 1984) . Replacement with either GnRH or LH during seasonal anoestrus in the ewe results in preovulatory follicle development and ovulation (McNatty et ai, 1981; McLeod et ai, 1982; McNeilly et ai, 1982) .
LH pulse frequency is low and does not change during seasonal anoestrus in the ewe. Further, sensitivity to oestradiol negative feedback on LH secretion undergoes relatively abrupt changes, decreasing and increasing acutely at the onset and termination of the breeding season respectively (Legan et ai, 1977) . Taken uniform physiological state in which there is high sensitivity to oestradiol negative feedback result¬ ing in low LH pulse frequency (Karsch et ai, 1985) . Therefore it would be predicted that in the period leading to the onset of the breeding season there would be an increase in LH pulse frequency which would account for increased follicle development and the subsequent events which lead to ovulation. This has proved difficult to demonstrate (Walton et ai, 1980; Poulton et ai, 1987) Legan, 1988 (Legan & Karsch, 1979; Webster & Haresign, 1983) . In contrast wild ungulates such as the red and Père David's deer hinds show a more restricted breeding season with reproductive cycles in non-pregnant animals occurring for 160 days per year (Curlewis et ai, 1988a; Loudon et ai, 1989 April, 27 May and 24 June). On each of these occasions, blood samples (4 ml) were collected ui i>iviin intervals for 18 h. One hind from which the cannula was lost was omitted from blood sampling on 24 June.
On the day after each of the LH profile bleeds, the animals were subjected to a GnRH challenge. Each hind was given 4 intravenous injections (via the jugular vein cannula) of 20 pg GnRH (Lutai; Fabwerke Hoechst A.G" Frankfurt, West Germany) in 2-0 ml sterile saline (0-9% NaCl), administered at 2-h intervals. Preliminary studies in anoestrous hinds showed that this was the lowest dose of GnRH which consistently increased plasma LH in all hinds. Blood samples were taken at 15-min intervals for 7-5 h. The first GnRH injection was given immediately after the second blood sample. One hind was omitted from the GnRH challenges on 26 May (B74) and 24 June (Y12) due to lost cannulae.
The response to repeated injections of 2 µg GnRH was also determined on Day 8 of the luteal phase after oestrus had been synchronized with progesterone-impregnated silicone-elastomer implants (Sil-Estrus, Ceva Ltd, Sydney, Australia) and injection of prostaglandin (Estrumate; Coopers Animal Health, Crewe, Cheshire, UK) as previously described (Loudon et al., 1990) .
In all periods of intensive blood sampling, blood was collected into heparinized tubes, centrifuged immediately and the plasma stored at -20°C until assayed.
Duration of seasonal anoestrus. The duration of seasonal anoestrus was determined by measuring progesterone concentration in plasma samples which were collected twice weekly by jugular venepuncture between 1 December 1986 and 18 August 1987. The onset of seasonal anoestrus was defined as the date when plasma progesterone concen¬ trations fell below 0-3 ng/ml following the last luteal phase of the breeding season. The onset of the breeding season was defined as the date of the first increase in progesterone concentrations above 1 ng/ml for more than two consecutive samples.
Radioimmunoassays. Plasma LH concentrations were measured using an ovine LH radioimmunoassay (McLeod et ai, 1982) which has been validated for deer LH (Loudon et al, 1990) . The limit of sensitivity of the assay was 0-2 ng/ml and the intra-and inter-assay coefficients of variation were 8-6 and 9-8% respectively. Progesterone concen¬ trations were measured as previously described (Curlewis et ai, 1988a) . The limit of sensitivity of the assay was 008 ng/ml and the intra-and inter-assay coefficients of variation were 3-8 and 10-5% respectively.
Analysis of data. Fig. 1 . There was a significant (P < 001, ANOVA) change in pulse frequency over the period of seasonal anoestrus. In early anoestrus mean LH pulse frequency was low (3-3 + 0-6 and 3-7 + 0-62 pulses/18 h in February and March respectively), increased significantly (P < 001) in mid-anoestrus (April, 8-4 ± 1-40 pulses/ 18 h), and remained high in late anoestrus (70 + 1-41 and 6-3 + 0-25 pulses/18 h in May and June respectively).
Mean LH concentrations were significantly greater (P < 005; see Fig. 1 ) in mid-anoestrus (0-85 ± 012ng/ml, April) than in early (0-53 + 005 and 0-60 + 0-10ng/ml in February and March respectively) and late anoestrus (0-68 + 006 and 0-71 + 005 ng/ml in May and June respectively).
Although changes in LH pulse amplitude followed a trend similar to those of pulse frequency and mean LH (i.e. highest in mid-anoestrus), these were not significant (P > 01).
Response to GnRH during anoestrus and the breeding season Mean LH concentrations during the GnRH challenges and mean LH response to GnRH during anoestrus and the luteal phase of the oestrous cycle are summarized in Figs 2 and 3 respectively. The mean LH response changed significantly (P < 001) during the anoestrous period. Response was lowest in early anoestrus (February, 1-2 + 012ng/ml), increased significantly (P < 001) in mid-anoestrus (April, 2-3 ± 0-60 ng/ml) and remained increased until late anoestrus (June, 2-3 + 0-49 ng/ml). The response to GnRH during the luteal phase (30 + 0-8 ng/ml) was similar to that seen during mid-to late anoestrus but was significantly (P < 0-01) oestrogen-implanted ewes indicated no changes in the frequency of LH episodes until as little as 10-20 days (Walton et ai, 1980) (Clarke & Cummins, 1985) . This relation¬ ship was not found in the present study of the hind. On the contrary pulse amplitude showed an increase, albeit non-significant, when pulse frequency increased. Similarly, it has been reported that the large-amplitude pulses that occur every 8-12 h during the luteal phase in the ewe were not evident in the hind (Loudon et ai, 1990) .
The pulse frequency recorded in mid-anoestrus (April) approached that seen during the follicu¬ lar phase of the oestrous cycle (0-59 pulses/h or 10-6 pulses/18 h; Loudon et ai, 1990 (Niswender, 1974; Land et ai, 1980; Rodway et ai, 1983) , in the red deer hind, suppression of prolactin with bromocriptine is associated with a delay in the onset of seasonal anoestrus (Curlewis et ai, 1988b) and prolactin concentrations are increased during anoestrus in the Père David's deer hind (Loudon et ai, 1989 (Land et ai, 1979; Bittman et ai, 1985) while in the intact ewe the response to a supra-physiological dose of GnRH does not change across anoestrus (Reeves et ai, 1974 
